This study aims to identify spatial and temporal precipitation trends by analyzing eight extreme climate indices of rainfall in the High Basin of the Cauca River in Southwestern Colombia from 1970 to 2013. The relation between historical floods and El Niño Southern Oscillation (ENSO) is also analyzed. Results indicate that in general, the reduction of precipitation, especially in the center of the basin with negative annual and seasonal trends in intensity indices, namely, the annual maximum 1-day precipitation amount (RX1day) and annual maximum 5-day precipitation amount (RX5day). Sixty-four percentage of the stations exhibit an increasing trend in September-October-November in the consecutive dry days. In December-January-February interval, positive trends in most of the stations is noted for total precipitation and for the number of wet days with rainfall greater than or equal to 1 mm. The findings also show that sea surface temperature (SST) in the equatorial Pacific is statistically correlated (r) with indices of extreme precipitation (r ≥ −0.40). However, the effect of ENSO is evident with a time lag of 2-3 months. These results are relevant for forecasting floods on a regional scale, since changes in SST of the equatorial Pacific may take place 2-3 months ahead of the basin inundation. Our results contribute to the understanding of extreme rainfall events, hydrological hazard forecasts and climate variability in the Colombian Andes.
Introduction
Local intense rainfall events, as well as environmental alterations (deforestation and/or urbanization), may often trigger the incidence of hydrological hazards, such as floods, flash floods and landslides, especially in the tropical areas [1] . In Colombia, hydrological hazards mostly occur as a result of local heavy precipitation during the cold phase of the El Niño Southern Oscillation (ENSO), known as La Niña [2] [3] [4] [5] [6] . Hydrological basins located in the Andes are prone to hazards due to complex geographical terrain combined with spatial and temporal climate variability [5] . These events have a strong impact on a large portion of the local economy, since agriculture accounts for a significant amount of income generation [7, 8] .
Between 1970 and 2013, floods affected about 16 million Colombians and claimed the lives of more than 3000 people, according to the Emergency Events Database (EM-DAT). In most cases, this is related to the "La Niña" that can lead to water-related hydrological hazards with catastrophic consequences for the livelihood of people and water resources. Indeed, the 2010-2011 La Niña affected 5.2 million people and caused 683 deaths and losses of more than US$7.8 billion [9, 10] . It is crucial to understand the causes of precipitation changes on global, continental, and regional scales and identify the link This basin is a matter of concern in Colombia due to its important economic and ecological role as a natural resource of water for the La Salvajina Dam (hydropower plant), domestic water supply, and industrial and irrigation systems [28] . The population is approximately 4.5 million (9.8% of the Colombian population in 2010), according to the National Administrative Department of Statistics. The High Basin of the Cauca River has been identified as the strongest potential leader in agriculture in Colombia, since it accounts for more than 90% of the sugarcane-planting area and sugar production [29] , and trade and consumption of ethanol [30] .
Flood events in the High Basin of the Cauca River occur due to extreme rainfall, drastic reductions in areas with natural forest [24, 31] , and the increased level of the population. For example, the city of Santiago de Cali (the most populous city in Southwestern Colombia) has regularly been vulnerable to river-based flooding. According to the Government of Colombia's National Administrative Department of Statistics (DANE, for its acronym in Spanish), the population of the city presented a strong growth of 31.538 people per year between 1985 and 2010, from 1.42 million to 2.24 million. This still raises concerns of land use changes due to increased agricultural activities and livestock, rural/urban migration and the expansion of urban edges, which imply that local geographic characteristics, anthropogenic factors and climate risks may lead to the onset of catastrophic floods.
The hydroclimatology of the Colombian Andes is dominated by climatic mechanisms such as the latitudinal migration of the Intertropical Convergence Zone (ITCZ), associated with the transequatorial dynamics of the moisture induced by the eastern trade winds. The Chocó jet activity and the behavior of meso-scale convective systems also play a role as well [32, 33] . Other hydroclimatological features in the area are discussed by [3, [34] [35] [36] . The precipitation is affected by a double-ITCZ migration that flows from north to south and then back to north and goes across the geographic valley of the Cauca River twice a year ( Figure 1b) ; this is a consequence of the semi-annual cycle of the march of the sun, and the circulation of the trade winds. For these reasons, there are two rainy seasons: March-April-May (MAM), and September-October-November (SON), which The hydroclimatology of the Colombian Andes is dominated by climatic mechanisms such as the latitudinal migration of the Intertropical Convergence Zone (ITCZ), associated with the trans-equatorial dynamics of the moisture induced by the eastern trade winds. The Chocó jet activity and the behavior of meso-scale convective systems also play a role as well [32, 33] . Other hydroclimatological features in the area are discussed by [3, [34] [35] [36] . The precipitation is affected by a double-ITCZ migration that flows from north to south and then back to north and goes across the geographic valley of the Cauca River twice a year ( Figure 1b) ; this is a consequence of the semi-annual cycle of the march of the sun, and the circulation of the trade winds. For these reasons, there are two rainy seasons: March-April-May (MAM), and September-October-November (SON), which alternate with two reduced-rain seasons-December-January-February (DJF) and June-July-August (JJA). The total annual precipitation based on observational data over the 1970-2013 period is between 1294 and 2299 mm (Figure 1b ).
Data Quality Control and Homogeneity
The data used in this study are provided by the Corporación Autónoma Regional del Valle del Cauca (CVC), based on historical daily precipitation from 108 rainfall stations. From these, only the stations with at least 90% of daily information between 1970 and 2013 were used. The dataset homogeneity and identification of possible biased records were investigated by performing RhtestV3 software developed and maintained by Wang and Feng [37] at the Climate Research Branch of Meteorological Service of Canada, a software running on R which are freely available online at http://etccdi.pacificclimate.org/software.shtml. After homogeneity testing, only thirty-nine (39) rainfall stations met the established criteria to compute the extreme precipitation indices. 
Extreme Precipitation Indices
We used the RClimDex package developed by Zhang and Yang (2004) [38, 39] at Climate Research Branch Environment of Canada. This package is a statistical tool for the R platform, proposed by the Expert Team on Detection and Climate Change Indices (ETCCDI; http://etccdi.pacificclimate.org/). In this study, eight precipitation-related indices were selected (Table 1) . These indices are calculated at annual and seasonal scales (DJF, MAM, JJA, and SON). The seasonal analysis is justified by the marked inter-annual variability of precipitation, as shown above (Figure 1b) . These extreme precipitation indices are also used to detect possible relationships between hydrological hazards and areas potentially vulnerable to catastrophic events [13, 15, 22, [40] [41] [42] . The extreme rainfall indices can be divided in three categories (Table 1) : (1) the intensity indices describe the amount of maxima (or maximum) precipitation in one day (RX1day) and maximum accumulated precipitation in 5 consecutive days (RX5day), respectively. The very wet days (R95p) represents the daily amount of precipitation that surpasses the 95th percentile value. The RX1day, RX5day and R95p were used to describe floods and flash flood risks (e.g., [13, 41] ); (2) frequency indices: the R30mm index represents the number of heaviest precipitation days and indicates the seasonal/annual count of days when the daily rainfall is greater than or equal to 30 mm. The number of wet days (NW) counts the number of days with rainfall of ≥1 mm; and (3) duration indices: the maximum number of consecutive wet days (CWD) and consecutive dry days (CDD). The PRCPTOT index is the seasonal/annual total wet-day precipitation with daily rainfall greater than or equal to 1 mm. PRCPTOT does not necessarily have a direct relationship with the precipitation extremes but provides relevant information on the climatological aspects and in wet or dry periods [42] .
Temporal trends of precipitation indices are examined by the Mann-Kendall (MK) trend test and calculated by the Sen slope estimator. The MK test [43, 44] is a wildly applied nonparametric method to characterize trends of extreme precipitation indices [11, 14, 18, 45] , whereas the nonparametric statistical test developed by Sen (1968) [46] is used to estimate the trend magnitude. These methods are less sensitive to outliers than parametric statistics [11, 45] . A more detailed description of these methods can be found in Yue et al. [47] . Trends are considered to be statistically significant at the 5% significance level.
Regional Anomalies of Extreme Precipitation, ENSO and Flood Events
Despite the small number of stations in the south (2 • 06 -3 • 0 N) and a larger coverage in the center (3 • 0 -4 • 0 N) and north (4 • 0 -05 • 2 N), the stations are found to be reasonably well distributed over the basin. The study area was divided into three regions according to the latitude: northern, central and southern. It is important to note that 12%, 72 % and 15% of the basin's population are distributed in the north, central and south regions, respectively. We calculated the aggregate time series to evaluate the possible existence of large subregional asymmetries as well as exploring spatial coherence of natural variability in the precipitation extremes, ENSO, and floods events. This method has been widely used in the analysis of climate precipitation extremes [13, 17, 26, 48] . The regional averaged anomaly series for each index was calculated using the following equation:
where x r,t is the regional averaged index at year t; x i,t is the index i at year t; x i is the 1970-2013 index mean at series and n t is the number of stations with data in year t. The regional series are expressed in millimeters (PRCPTOT, RX1day, RX5day, and R95p) and days (R30mm, NW, CDD, and DWD). According to the U.S. Geological Survey, a flood is "an overflow of water onto lands that are used or usable by man and not normally covered by water. Floods have essential features: The inundation of land is temporary; the land is adjacent to and inundated by overflow from a river".
We explored the data from thirteen catastrophic floods, recorded since 1970, provided by the CVC and available in the "Hydrological Analysis of the Historical Flooding of the Cauca River" report [54] , to analyze which is the pattern how extreme precipitation indices characterize the behavior of a flooding. The report is available at https://www.cvc.gov.co/. The CVC's report shows inundation maps (flooded area), dates and the maximum flow registered at the Victoria gauging station (Station ID 40; see the red point in Figure 1 ; further details in Appendix A). The flooding events occurring in the Cauca River after the onset of heavy rains are concentrated in flooded areas between 50 km 2 -700 km 2 (Table A1 ). Figure A1 ), positive trends predominated in 74% of the stations. In general, the PRCPTOT has decreased over the past four decades, in particular in the central region. These results suggest that precipitation is decreasing in particular for both rainy seasons (MAM and SON) and in the dry seasons (JJA). These results are in accordance with those obtained by Puertas et al. [27] , who analyzed the rainfall trends at annual and seasonal timescales in the 1975-2006 period. Differences between the current study and Puertas et al. [27] appear in the seasonal analyses. Puertas et al. [27] found statistically significant positive trends for DJF and SON, whereas in our study, this is true only for DJF where the positive trends predominated in 74% of the stations. Differences between these studies Water 2019, 11, 379 6 of 22 may arise from the longer time series and time intervals used in our analyses. We have investigated 12 years more than Puertas et al. [27] which indeed modifies the characteristics of the trends. The CDD reflects positive anomalies between extreme precipitation indices and years with floods ( Figure 3) . Furthermore, the magnitude of anomalies of the longest dry periods are associated with the El Niño events. For instance, El Niño conditions are related to reduced precipitation in the High Basin of the Cauca River. In 1982 and 1997 (Figure 3 ), the excess precipitation was not sufficient to cause major floods, because the soil could not store most of the rain since it was particularly dry. Two of the strongest El Niños in the last century occurred in these years [58] . In the 12 months preceding floods (1982, and 1997), positive anomalies were identified for two extreme precipitation On the annual scale, the negative trend of PRCPTOT is consistent with the results of Skansi et al. [11] , who determined local trends of climate extremes indices on the annual scale for South America in the period 1969-2009. Likewise, this result agrees with those obtained by Aguilar et al. [26] , who analyzed extreme precipitation indices for Central America and Northern South America over the 1961-2003. The PRCPTOT delivered negative trends over stations located in the lower and middle zones of our study area (Figure 2a) .
Results and Discussion

Annual and Seasonal Extreme Precipitation Trends
The annual maximum 1-day precipitation amount (RX1day), annual maximum 5-day precipitation amount (RX5day), the number of days for precipitation of ≥30 mm (R30mm), and the maximum number of consecutive days (CWD) do not show similar trend characteristics (negative or positive) on the annual scale ( Figure 2) . Nevertheless, RX1day and RX5day were characterized by significant negative trends over the center of the basin, and the same happens at the seasonal level, except in DJF ( Figures A1-A4 ). It is important to note that R95p and NW also show 56% and 59% of stations with positive trends, respectively, especially with significant upward trends in the center and north of the basin. The trends of R95p in the central region indicate that although PRCPTOT has been decreasing, the maximum events of rain have become more intense, especially if these tendencies correspond to the same stations (19, 22, 24, 26 and 30) . The NW delivers positive trends in DJF and MAM which increased by 69% and 54%, respectively. It is important to note that the R30mm has shown no change of rainfall in most stations during all seasons. Similarly, CWD demonstrates in DJF and JJA that 54% and 62% of the stations do not experience trends, respectively, with the exception of SON, with a general negative trend.
Additionally, RX1day, RX5day and R95p show positive trends, specifically in DJF and MAM ( Figures A1 and A2 ). This is important because intense rainfall has been the main factor in the generation of historical flood of the Cauca River (Enciso, Carvajal, and Saldoval, 2016). Additionally, in these seasons, the maximum peaks in the flow of the Cauca River during floods have been presented (Table A1 ). In addition, these indices have statistically significant (p value < 0.05) positive trends in the northern region, except for R95p that presents this type of trends in the southwest region, particularly in DJF. The positive trends of RX1day, RX5day and R95p in the north and south of the basin, at annual and seasonal levels, are important because it is where the sub-basins are located that contributed to the maximum flow of the historical floods of the Cauca River.
Skansi et al. [11] and Aguilar et al. [26] show positive trends on the annual scale for PRCPTOT, RX1day, RX5day and R95p, which is in line with our results in the northern region (Figure 2 ). However, this is not true in all cases for the center and south, where for example the PRCPTOT decreases. Our results provide an update of the extreme precipitation indices for the region, which were previously determined by Cardona et al. [23] during 1982-2011 on the annual scale in two Andean sub-basins of Cauca River Basin, located in the southwest of the region. The results coincide for PRCPTOT and CWD with negative trends and for RX1day with a positive trend. Additionally, Cuartas et al. [57] shows indices of climatic extremes at a monthly level between 1998 and 2013 in the flat area of the Cauca River Basin, where PRCPTOT and RX5day had positive trends. Our results show decreasing trends for these indices in the same area. This can be explained by the difference in the evaluation period and the analysis scale.
Regional Anomalies of Extreme Precipitation, ENSO and Flood Events
In order to verify whether the extreme precipitation is related with ENSO flood events from 1970 to 2013, we evaluated the temporal evolution of annual precipitation indices and soil moisture, which are shown in Figure 3 . The stronger events tend to occur during La Niña years (e.g., [1970] [1971] 1999 , and 2011). We have found that during La Niña years, the anomalies of the PRCPTOT, RX5day, R95p, R30mm and NW are positive and higher than those related to El Niño years ( Figure 3 ; vertical blue and red bars). The disaster areas of the 1988, 1999 and 2008 were years dictated by precipitation anomalies related to La Niña, and show however the lowest recorded (less than 134 km 2 ). This has occurred, because a year before the flood, the contribution of soil moisture was low and the non-homogenous behavior of total precipitation and extreme events in comparison with the floods of greater disaster area. For example, in 1987 and 1998, there were negative anomalies in all indices in the southern region and in soil moisture in the northern region. Equally, in 2007, soil moisture anomalies were negative in all regions.
It is interesting to note that the CDD play an important role in the magnitude of the floods due to its implication on soil moisture before the flood occurrence. At the annual scale, the CDD index shows negative trends in the central and northern regions (Figure 3) . The CDD present a positive trend in SON in 64% of the stations (Appendix A). These results can be associated to the minimum occurrence of rainfall due to a decrease in the PRCPTOT, RX1day and NW in this season. It should be emphasized that, currently, this is the High Basin of the Cauca River rainy season (SON). Furthermore, the decreasing in precipitation (PRCPTOT) in SON can be changes in DJF patterns rainfall, while the unbalanced spatial-temporal distribution of rainfall can play an important role in the formation of flood disasters, mainly in DJF and MAM that present the maximum peaks in the flow (Table A1) .
The CDD reflects positive anomalies between extreme precipitation indices and years with floods ( Figure 3) . Furthermore, the magnitude of anomalies of the longest dry periods are associated with the El Niño events. For instance, El Niño conditions are related to reduced precipitation in the High Basin of the Cauca River. In 1982 and 1997 (Figure 3 ), the excess precipitation was not sufficient to cause major floods, because the soil could not store most of the rain since it was particularly dry. Two of the strongest El Niños in the last century occurred in these years [58] . In the 12 months preceding floods (1982, and 1997), positive anomalies were identified for two extreme precipitation indices (PRCPTOT and NW). This may have influenced a gradual increase in soil moisture, reducing the infiltration basin capacity and thus leading to flooding.
Avila et al. [13] investigated the daily extreme precipitation events and their link to the number of flash floods in Southeastern Brazil and found statistically significant positive correlation coefficients between flash flood and extreme precipitation for RX1day (r > 0.49) and RX5day (r > 0.39). Using similar indices, Wu and Huang [41] demonstrated that maximum RX1day and RX5day values coincide with the years when floods occur. However, in the current investigation, the RX1day was the least significant index for indicating floods in the High Basin of the Cauca River, as shown in Figure 3 .
Aiming to further explore the climatological evolution of floods on the study area, we examined the large-scale forcing of the ENSO index (Niño 3.4), and its effects on extreme rainfall indices on a monthly scale. Considering the delayed precipitation in response to the ENSO index, we used different time lags (1 lag = 1 month). The maximum coefficients of the Niño 3.4 ( Figure 4 ) and precipitation-related index have been found for the time lag of 2-3 months. The PRCPTOT, RX1day, RX5day, R95p, NW, R30mm and CWD demonstrated significant negative correlations for all three areas. Central and south regions reflects the highest values for 2-lag in the PRCPTOT, RX5day, NW and CWD (r ≤ −0.45), whereas the lowest values were generally found in RX1day, R95p, and R30 mm (≥−0.40) over the north region. On the other hand, the CDD reflect maximum significant positive correlations in central and south areas for the 3-lag with values between 0.41 and 0.44.
The Niño 3.4 index delivered negative correlations with seven precipitation indices, which indicates that they are out of phase in this region and have an indirect relationship with extreme precipitation events. Indeed, negative values of the Equatorial Pacific SST, on the other hand, increase rainfall events over the basin. According to Morán-Tejada et al. and Vicente-Serrano et al. [51, 52] , the index of 3.4 explains most of the rainfall in the equatorial mountainous region (the Andes). This is supported by the results discussed here, since the correlation coefficients are statistically significant for all extreme precipitation indices related to dry as well as very humid periods. extreme precipitation and highly correlated behavior within the index of 3.4 ( Figure 4 ). In particular, central, southern and regional (region area: all stations) time series have analogues values of the anomalies and correlations coefficients (Figures 3 and 4) . These results may have important implication in terms of preventing floods and being used in forecasting systems in key areas of the basin. In addition, the CVC and Enciso et al. [6, 54] found that the highest frequency of flooding is concentrated in the center of the High Basin of the Cauca River (3°0´-4°0´ N) . In general terms, the north, central and south regions have similar temporal evolutions of extreme precipitation and highly correlated behavior within the index of 3.4 ( Figure 4 ). In particular, central, southern and regional (region area: all stations) time series have analogues values of the anomalies and correlations coefficients (Figures 3 and 4) . These results may have important implication in terms of preventing floods and being used in forecasting systems in key areas of the basin. In addition, the CVC and Enciso et al. [6, 54] found that the highest frequency of flooding is concentrated in the center of the High Basin of the Cauca River (3 • 0 -4 • 0 N).
We explored the data from eleven catastrophic floods between 1970 and 2013 to investigate the ENSO influence (see Appendix A). Figure 5 only presents results for the central region because the majority of population is placed in this region. Further details of index anomalies over northern and southern regions are found in Appendix A ( Figure A5 ). The most important factor to cause floods are the heavy precipitations associated with La Niña conditions, which generates the probability of elevated discharges of the Cauca River's and its tributaries rivers [6] . For this reason, the CDD index, which represents the maximum length of dry spell (dry events), is not included in this analysis. Figure 5 shows the monthly evolution of seven precipitation extremes and the Niño 3.4 index before and after the flood event. Based on the 95% confidence interval (hatched area), it was observed that these indices are positive or close to zero for 3-11 months (phase 1) prior to the month with the peak flood discharge. At 0-2 months prior to the peak discharge (phase 2), during this phase, all extreme precipitation indices exhibit the maximum positive anomalies. This suggests that heavy precipitation (RX1day, R95p, and R30mm) and rainstorms (RX5day, NW, and CWD) contribute to the evolution and onset of the flooding. Henceforth, the monthly pressure data [62] at 1° × 1° spatial resolution from the Princeton University Terrestrial Hydrology Research Group (http://hydrology.princeton.edu/data.pgf.php) is used. The Centennial In Situ Observation-Based Estimates (COBE SST2) provides reliable monthly gridded datasets of global SST [63] . The COBE-SST2 (1° × 1°) dataset was downloaded from NOAA's official website (https://www.esrl.noaa.gov/psd/data/gridded/data.cobe2.html). The Climate Central Region Figure 5 . Index anomalies over the central region for PRCPTOT, RX1day, RX5day, R95, NW, R30mm, CDW, and soil moisture Niño 3.4 for floods that occurred under La Niña conditions (n = 11) in relation to the time of the month with a peak discharge. The mean (line) and the 95% confidence interval (shaded bands) are shown for each index. The vertical dotted line refers to the peak of discharge; horizontal lines denote a zero anomaly for each index calculated.
The influence of climate features on extreme hydro-meteorological processes (such as floods) depends on the capability of understanding the role of abnormal pattern of atmospheric pressure, SST and soil moisture patterns [59, 60] . An attempt is done here by evaluation of the synoptic hydro-meteorological conditions by constructing composite anomalies maps during the 1970-2013 period (Figure 6 ), according to Welhouse et al. and Munoz and Dee [59, 61] . With it being important to identify whether climate regimes, occurrence in far-off regions of interest may lead to floods in the Cauca River.
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Prediction Center (CPC; https://www.esrl.noaa.gov/psd/data/gridded/data.cpcsoil.html) provides a monthly soil moisture dataset with a spatial resolution of 0.5° × 0.5° [64] . Figure 6 displays the composited anomalies of surface temperature, sea level pressure, and soil moisture over the over the tropical Pacific Ocean and Western South America. We calculated monthly subregional anomalies in the 12 months prior to the floods and calculated the mean and 95% confidence intervals for eight extreme precipitation climate indices.
Based on Figure 6 , it is clear that by about 11-9 months prior to the floods, El Niño-like conditions dominate the equatorial Pacific, with much higher SST anomalies nearby the South America west coast. This pattern induces changes in surface pressure and negative SM, further leading to dry conditions in the Cauca basin (Figure 6a) . The 8-6 month anomalies show a different pattern with lower SST anomalies and increased surface pressure along the South America margin. Henceforth, the monthly pressure data [62] at 1 • × 1 • spatial resolution from the Princeton University Terrestrial Hydrology Research Group (http://hydrology.princeton.edu/data.pgf.php) is used. The Centennial In Situ Observation-Based Estimates (COBE SST2) provides reliable monthly gridded datasets of global SST [63] . The COBE-SST2 (1 • × 1 • ) dataset was downloaded from NOAA's official website (https://www.esrl.noaa.gov/psd/data/gridded/data.cobe2.html). The Climate Prediction Center (CPC; https://www.esrl.noaa.gov/psd/data/gridded/data.cpcsoil.html) provides a monthly soil moisture dataset with a spatial resolution of 0.5 • × 0.5 • [64] . Figure 6 displays the composited anomalies of surface temperature, sea level pressure, and soil moisture over the over the tropical Pacific Ocean and Western South America. We calculated monthly subregional anomalies in the 12 months prior to the floods and calculated the mean and 95% confidence intervals for eight extreme precipitation climate indices.
Based on Figure 6 , it is clear that by about 11-9 months prior to the floods, El Niño-like conditions dominate the equatorial Pacific, with much higher SST anomalies nearby the South America west coast. This pattern induces changes in surface pressure and negative SM, further leading to dry conditions in the Cauca basin (Figure 6a) . The 8-6 month anomalies show a different pattern with lower SST anomalies and increased surface pressure along the South America margin. This pattern is intensified between 5 and 3 months before the flood, indicating the development of La Niña conditions. During this interval, remarkable changes are initiated, in particular in the central-south part of the Cauca River Basin which experiences a drop in surface pressure, and increased precipitation, which result in positive values of soil moisture (Figure 6b,c) . Two-Zero months before the flood event, negative anomalies of surface pressure dominate the north part of South America, in phase with substantial changes in soil water availability.
Evaluation of extreme precipitation indices delivered two phases of climatological evolution. The first phase is characterized by positive and high-magnitude extreme precipitation indices before the flooding. The second phase is characterized by the increase of soil moisture anomalies over the basin and saturated water storage over the period before the flood events.
These results imply that ENSO plays an important role in the flood area and magnitude, due to changes in precipitation extremes in a given year. Moreover, the results indicated that the highest negative values of the NIÑO 3.4 index occurs 3 months before the peak discharge (Figures 5 and 6 ). These results are fundamental in addressing the challenge of forecasting floods, since the changes in the Pacific SST are seen 3 months before the basin inundation. Similar results were found by Munoz and Dee [59] in the Lower Mississippi River floods (USA).
Conclusions
This study is the result of substantial data collection efforts, and it significantly builds upon previous studies [23, 27, 61] by providing updated spatial and temporal coverage in the years leading up to 2013. The results in the study area show that the annual total precipitation on wet days (PRCPTOT) has decreased over the central and southern regions. Likewise, more than 59% of the stations showed decreasing trends in MAM, JJA and SON. However, an increase in total wet-days and the intensity of the extreme events (RX1day and RX5day) can be observed, as shown by a general increase in the events with days with rainfall of ≥1 mm (NW), for the DJF season, which is the dry interval.
In SON, decreased intensity, frequency and accumulated rainfall were observed (RX5day, NW and PRCPTOT), and this has generated the increase of CDD. It should be emphasized that, currently, this is the Cauca River rainy season.
Equally, JJA, which is a dry season, shows a decrease of accumulated and intensity rain and a decreased frequency of the days with rainfall, especially in the central region. Although it has not been our focus in the present study, the region has experienced a systematic increase in the number of vegetation fires, particularly in JJA [24, 65] , with substantial economic losses. The decreasing trends in precipitation indices pose a potential threat for the development of more erratic fires, due to the vulnerability of the region.
We found that the region El Niño 3 + 4 shows significant correlation with the extreme precipitation indices. The SST field, principally at the time lag of 2-3 months, are highlighted, evidencing the strong relationship that ENSO has over the hydro-meteorology of Colombia. Consistent with these results, Córdoba-Machado et al [66] displayed through a Principal Component Analysis that a pattern based on global precipitation, mean temperature over land and SST of the ENSO regions (e.g. Niño 3, and Niño 4) is strongly linked to the hydro-meteorology of country. Nonetheless, the relationship between extreme precipitation indices and the Pacific SST is not considered in those studies, as has been evaluated in the present study. The understanding of precipitation extremes is necessary to undertake coordinated projects in order to alleviate the response of different productive sectors and reduce the threat to local populations. The occurrence of historical floods causes significant economic losses and strong stress on hydric resources. Changes in land use in the region have affected the natural capacity of the basin during extreme climate events.
In general terms, our results will benefit current and future studies on climate resilience for hydrological hazard forecasts on a regional scale, since the findings indicate that flooding events may be predicted by using a series of precipitation extreme indices, soil moisture and ENSO. 
